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ABSTRACT
The primary purpose of this study was to determine the 
effects of estrogen (E) and progesterone (P) on body 
temperature and tolerance to thermal stress of female Harlan 
Sprague-Dawley rats. The effect of these hormones on body 
weight was also investigated.
Analysis of variance showed that rats treated with E in 
combination with P (EP) had a significantly higher rectal 
temperature (Tre) than untreated control animals and those 
treated with E or P alone. In E treated rats, Tre was 
significantly higher than control animals and those treated 
with P. Progesterone also caused a significant increase in 
Tre, although the effect of P was transitory in nature.
All treatment groups had a significantly lower tail 
skin temperature as compared to the control animals. The 
lower tail skin temperatures suggest a decrease in heat loss 
from the tail. The rise in Tre in E and EP treated rats did 
not appear to result from an increase in metabolism since 
the rates of oxygen consumption did not differ significantly 
with hormone treatment. Therefore, it is suggested that the 
rise in Tre of E and EP treated rats may have resulted from 
a decrease in heat loss as evidenced by the lower tail skin 
temperatures.
Hormonal treatment did not impair the animal's 
thermoregulatory responses during acute heat and cold 
exposure. However, hormone treatment did have a significant
iii
affect on body weight. Body weight was highest in P treated 
rats. The body weight of EP treated rats was also 
significantly greater than the control animals and those 
treated with E alone. Although there was no significant 
difference between the control and E treated groups, E 
treated gained weight at a reduced rate as compared to the 
control animals.
iv
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1INTRODUCTION
It has long been recognized that body temperature (BT) 
is elevated during the postovulatory phase of the menstrual 
cycle (Palmer, 1949). A similar observation is reported 
during the estrous cycle of the rat (Brobeck, et al, 1947). 
However, the metabolic and thermoregulatory basis of this 
increase in BT remain uncertain (Rothchild, 1969). Several 
researchers suggest that the elevation in BT may result from 
the increase in progesterone (P) levels during the luteal 
phase of the reproductive cycle (Brobeck, 1947; Nieburgs and 
Greenblatt, 1948; Perlman, 1948; Isreal and Schneller, 1950; 
Moghissi, 1976; Forman, et al. 1970).
The exogenous administration of P has been shown 
effective in raising BT in men (Rothchild and Barnes, 1952), 
women (Isreal and Schneller, 1950), and rats (Freeman, et 
al, 1970). Conversely, the effect of estrogen (E) on BT is 
not clear. Exogenous administration of E in women has 
alternately been shown to increase (Marrone et al., 1975), 
decrease (Isreal and Schneller, 1950), or have no effect on 
BT (Nieburg et al., 1946). During the estrous cycle, high 
body temperatures (Marrone et al., 1976; Yochim and Spencer, 
1976) and low body temperatures (Brobeck et al., 1947; 
Nieburgs and Greenblatt, 1948; Yochim and Spencer, 1976) 
have been observed following the period where E is at its 
highest concentration. It has yet to be conclusively 
determined by what mechanisms do P and E affect 
thermoregulation (Forman et al., 1987).
2In general, thermoregulation is acheived through a 
balance of heat production and heat loss. Thus the cyclical 
changes in BT observed during the ovarian cycle reflects a 
change in heat production and/or heat loss. The longstanding 
hypothesis that basal metabolism increases during the luteal 
phase has yet to be conclusively established.
Several studies have demonstrated a rise in basal 
metabolism following ovulation (Horvath and Drinkwater,
1982; Hessemer and Bruck, 1985a; Webb, 1986) while others 
have found no cyclic changes in metabolism (Bittel and 
Henane, 1974; Bonjour, 1976; Hirata et al., 1986). 
Alternatively, it has been suggested that there are changes 
in sweating activity and skin blood flow (SBF) in relation 
to menstrual cycle (Hessemer and Bruck, 1985a). However, 
research in these areas has also yielded conflicting 
results. In light of the aforementioned uncertainties, 
further research on thermoregulation as it relates to the 
menstrual cycle seems warranted.
The primary objective of this study was to determine by 
what mechanisms P and/or B cause the demonstrated rise in 
BT. Secondarily, the effect that these hormones may have on 
tolerance to acute heat and cold stress was evaluted. In 
addition, the effect of these hormones on body weight was 
also investigated.
REVIEW OF LITERATURE
3
In this review, some of the published studies on cyclic 
variations in body temperature during the menstrual and/or 
estrous cycles are discussed. Additional sections are 
devoted to the effects of the ovarian hormones, i.e., 
progesterone and estrogen, on body temperature, heat 
production, and heat loss.
I. Variations in Body Temperature During the Ovarian Cycle.
Well over a century ago it was observed that there were 
fluctuations in BT in women (von Fricke, 1838, as cited by 
Palmer, 1949). However, daily measurements were not taken 
throughout the menstrual cycle and it was concluded that 
menstration had no affect on BT. Not until thirty years 
later was the cyclic nature of basal body temperature (BBT) 
related to the menstrual cycle. It was observed that a 
sustained elevation in BT occurred during pregnancy and 
prior to menstruation, whereas BT fell upon menstruation 
(Squire, 1868).
Cyclic variations of BBT during the menstrual cycle 
were subsequently observed by several other investigators 
(Rabuteau, 1870; Jacobi, 1876; Goodman, 1878, Stephenson, 
1882; Reinl, 1884; von Ott, 1890; Giles, 1897; Mandl and 
Burger, 1904, as cited by Palmer, 1949). Shortly thereafter 
it was suggested that the wave-like fluctuations in BBT were 
related to ovulation (Van de Velde, 1904; Oster, 1910;
4Flaskamp, 1928, as cited by Palmer, 1949). These findings 
led to the use of a BBT curve for the detection of ovulation 
in fertility studies (Rubenstein, 1938).
Evidence supporting a link between changes in BBT to 
ovulation was found when laparotomies performed on patients 
whose BBT was elevated revealed that their ovaries showed 
evidence that ovulation had occurred (Greulich, 1946). The 
ovaries of patients whose BBT had not shown an increase 
consistent with ovulation showed no physical signs that 
ovulation had occured. However the ovaries of one patient 
whose BBT had increased failed to show evidence of 
ovulation. An explanation to this phenomenon may be found in 
animal studies where some laboratory animals had functioning 
corpora lutea whereas the ovum remained in situ (Barton and 
Wiesner, 1945a). In that study the authors concluded that 
"the thermal shift may be an indicator but not positive 
evidence of ovulation." It has since been concluded that the 
increase in BBT is the result of secretory changes 
associated with lutenization of the mature Graffian follicle 
regardless of whether or not ovulation has occured (Palmer,
1949).
Evidence indicating that luteal secretions and not 
expelled follicular fluids caused the observed increase in 
BT had previously been reported (Barton and Wiesner, 1945b). 
In this study estrogen (E) and progesterone (P) free 
extracts of whole ovary and of follicular fluid were 
injected into cyclic and post-menopausal women. These
5injections had no effect on BT whereas daily intramuscular 
injections of P (5-15 mg) dissolved in oil caused an 
increase in BBT (Barton and Hiesner, 1945b). As evidence 
mounted that the cyclic nature of BT in women was in fact 
associated with the luteal phase of the menstrual cycle more 
research was done to define the role of P and E in 
thermoregulation.
II. Effects of Progesterone on Body Temperature.
Previous research had shown that the injection of 10mg 
of progesterone (P) in ovariectomized (OVX) women produced a 
two-day increase in body temperature (BT) (Palmer, and 
Devillers, 1939). Subsequent investigations on the role of P 
on BT in humans and rats confirmed this finding. 
Administration of P has been shown to increase BT of intact 
and OVX rats (Nieburgs and Greenblatt, 1946, 1948).
In another study using intact female rats, subcutaneous 
injections of 1.2, 2.0, 5.0, and 10.0 mg of P dissolved in 
cottonseed oil increased BT 0.3, 0.4, 0.4, and 0.5°C 
respectively (Freeman, 1970). However dosages of 0.1 and 0.5 
mg of P were found to be ineffective, when OVX rats were 
injected subcataneously with 0.5, 1.0, and 5.0 mg of P in 
sesame oil, BT also increased by as much as 0.7°C compared 
to the controls which received sesame oil alone (Marrone et
al., 1976). Implantation of P crystals into the preoptic 
area of the hypothalamus of OVX rats also increased BT by
0.5 °C.
6The effects of P on BT in humans have been studied in 
women and men. Progesterone increased BT in both sexes. In a 
study involving four young women having primary amenorrhea, 
daily intramuscular injections of 10 mg of P dissolved in 
cottonseed oil caused an abrupt increase in basal body 
temperature (BBT) of 0.3 to 0.8 °C (Davis and Fugo, 1948). 
These women had been primed with daily oral dosages of 0.3 
mg ethynyl estradiol for two weeks prior to, and throughout 
the ten days of P therapy. Following cessation of this 
hormonal therapy the women's BBT declined to pre-treatment 
levels within a few days. Similar results were found in a 
study involving women having secondary amenorrhea (Buxton, 
1948). The six patients were primed for two weeks by taking 
daily doses of 3 to 5 mg of estrone sulfate or 
diesthylstibestrol orally prior to P therapy. For a period 
of 7 to 14 days, 10 to 25 mg of P was administered daily 
during which time E therapy was reduced by one-half or 
removed entirely. In either case the P therapy caused an 
increase in BBT by 0.3 to 0.6 °C.
Comparable results were obtained in a similar study of 
postmenopausal women (Magallon and Masters, 1950). 
Progesterone in the form of pregnenolone has also been found 
to raise BBT in OVX women (Isreal and Schneller, 1950). In 
the study, 60 mg. of pregnenolone was orally administered on 
a daily basis to 12 such women. In 30 tests BBT was elevated 
20 times by 0.3 °C. However, when the dosage was increased 
to 80 mg. of pregnenolone an equivalent increase in BBT was
7observed in 19 of 22 trials. The hyperthermic response 
typically appeared within one or two days with the maximal 
response seen within four to five days. The same 
investigators also gave intramuscular injections of 100 mg P 
dissolved in peanut oil to six normally menstruating women. 
The injections which were administered 12 hours apart on a 
single day during the follicular phase of the menstrual 
cycle proved effective in increasing BBT by 0.4 to 0.8°C in 
four of the six patients. This response was seen within 24 
hours and dissappeared abruptly in three of the four 
patients.
A similar hyperthermic response was observed when the 
same type of P injections were given to several amenorrheal 
women. Furthermore, intramuscular injections of 10 to 50 mg 
P increased BBT from 0.1 to 1.2°C in adult men (Perlman, 
1948). Oral administration of anhydrohydroxyprogesterone had 
a similar effect on BBT although dosages of 10 to 30 times 
greater were required. This finding was confirmed by a study 
employing 28 (sic) "feeble-minded" yet "physiologically 
normal" males ranging in age from 15 to 39 years (Rothchild 
and Barnes, 1952). In the first trial of the study, single 
intramuscular injections of 1.0, 10.0, 25.0, and 50.0 mg. of 
P dissolved in sesame oil were given to 10, 5, 9, and 5
subjects respectively. While the lowest dose appeared to be 
ineffective, dosages of 10.0, 25.0, and 50.0 mg raised BBT 
by 0.3 to 0.8°C although no significant correlation between 
dose and response could be demonstrated. In the second trial
8the effects of multiple intramuscular injections of P over 9 
to 10 day periods was explored. Daily injections of 1.0#
5.0# 10.0# 25.0# and 50.0 mg of P given to 4# 8# 10# 6# and 
5 men respectively proved effective in increasing BBT. In 
this trial there appeared to be a positive correlation 
between dose and response for the five doses in increasing 
order produced increases in mean BBT of 0.1# 0.4# 0.4# 0.6# 
and 0.8 °C respectively.
In recent years studies have been conducted in order to 
correlate increases in endogenous P levels with the increase 
in BBT observed during the luteal phase of the menstrual 
cycle. Hormonal assays for P conducted during the menstrual 
cycle suggest that a serum P level of 4 ng/ml may cause a 
significant increase in BBT (Moghissi, 1972). In the study 
of 30 menstruating women, 21 (70%) subjects had a biphasic 
BBT which correlated with the hormonal pattern normally 
observed during the menstrual cycle. Six (20%) subjects 
failed to show a postovulatory increase in BBT although a 
significant rise in serum P occurred during the luteal 
phase. The three remaining women with a monophasic BBT 
failed to show normal ovulatory hormonal patterns 
characterized by a rise in serum P. A similar study of 17 
normally menstruating women showed a monophasic BBT in 12% 
of the 33 menstrual cycles monitered (Johansson# 1972). A 
more recent study of 38 cycles from 33 women related the 
rise in BBT to increases in plasma P and 
17-hydroxyprogesterone in 80% of the cases (de Mouzon#
91984). In light of the aforementioned studies it would 
appear that for unknown reasons postovulatory levels of P 
fail to cause an increase in BBT in some women. However the 
majority of the evidence available supports the hypothesis 
that P is involved in the postovulatory increase in BBT.
III.Effects of Estrogen on Body Temperature.
The effect of estrogen (E) on body temperature (BT) 
during the ovarian cycle is not clear. Exogenous 
administration of E has been shown to increase BT (Marrone 
et al., 1976), decrease (Fregley, 1978; Isreal and Scheller, 
1950; Nieburgs, 1946; Perlman, 1948; Wilkinson, 1977; Barton 
and Wiesner, 1945), or have no effect on BT (Fugo and Davis, 
1948; Laudenslager, et al, 1980). In rats following midday 
of proestrus when serum E levels peaked (Butcher and Fugo, 
1974), BT was observed to increase (Marrone, et al, 1976; 
Yochim and Spencer, 1976) or decrease (Yochim and Spencer, 
1976; Brobeck 1947; Nieburgs and Greenblatt, 1948). However, 
during the menstrual cycle BT generally appears to be lowest 
during the preovulatory phase when E levels peak (Moghissi, 
1976; Marrone, et al, 1976).
In an early study of ovariectomized (OVX) rats, 
administration of E was reported to decrease BT although the 
authors did not report to what degree, nor the dose of E 
used (Nieburgs and Greenblatt, 1948). A more recent study 
employing subcutaneous administration of estradiol benzoate 
via silastic capsule implantation also showed that E caused
a decrease in BT of OVX rats (Wilkinson, 1977). It has also
10
been shown that E may cause a decrease in BT in intact 
female rats (Fregly, 1979). Long-term administration of 
ethynyl estradiol (36 mg/ 1 kg body weight) via silastic 
tubing implantation produced a decrease in BT of 1.0 °c as 
compared to the control animals. In contrast to the studies 
indicating E may depress BT, subcutaneous administration of 
17 beta-estradiol or EB via silastic capsules showed no 
effect on BT (Laudenslager et al./ 1980) whereas 
subcutaneous injections of 1.0 mg EB produced an increase of 
0.8 °C in BT of OVX rats (Marrone et al., 1976).
The effects of exogenous E on BT in humans generally 
suggest that E may decrease or have no effect on BT. In an 
early fertility study single intramuscular injections of
10,000 to 50,000 IU of estrone or EB were reported to cause
a slight transient decrease in basal body temperature (BBT) 
of women (Barton and Wiesner, 1945b). However in a study of 
four young women with primary amenorrhea 0.3 mg of ethynyl 
estradiol taken orally for two weeks had no effect on BBT 
(Davis and Fugo, 1948). During an investigation into the 
effects of various steroids on prostate disease, it was 
noted that "A single dose of 2.5-5.0 mg of equine estrogenic 
substances ameliorated symptoms of prostatism and, following 
the initial temperature lag of one to two days, depressed 
and maintained the BBT at approximately 36.4 to 36.6 °c for 
one to four weeks" (Perlman, 1948). At about the same time 
it was suggested in a study of six women with secondary 
amenorrhea that 3 to 5 mg of estrone sulfate or
11
diethylstilbestrol taken orally for two weeks "may produce a 
slight depression of the basal temperature..." (Buxton and 
Atkinson, 1948). Further support of the hypothesis that E 
may depress BT was demonstrated in a study of OVX women. 
Twelve subjects took 0.15 mg of ethynyl estradiol orally and 
in 27 such tests BBT decreased 0.2 to 0.4 °C within 24 hours 
(Isreal and Schneller, 1950). Upon cessation of G therapy 
BBT return to pretreatment levels within 72 hours.
IV. Effects of the Combination of Progesterone and Estrogen 
on Body Temperature.
It has long been thought that the rise and fall in body 
temperature (BT) observed during the ovarian cycle is due to 
the effects of progesterone (P) and estrogen (E) 
respectively (Nieburgs and Greenblatt, 1948; Palmer, 1949). 
Recently, it has been suggested that E alone probably has no 
effect on BT although a E-P synergism may exist (Foreman, 
1987). Research into the combined effect of P and E on BT 
doesn't seem to provide a clear answer to the question.
In an early investigation of the effect of P on BT it 
was observed that administration of E during the 
postovulatory phase of the menstrual cycle tended to delay 
the characteristic increase in BT usually observed at that 
time (Barton and Wiesner, 1945b). At about the same time it 
was reported that the injection of E and P was less 
effective in increasing BT of ovariectomized (OVX) rats than 
P alone (Nieburgs and Greenblatt, 1946). However, in a study 
of women with secondary amenorrhea estrogen appeared to have
12
little effect on the thermogenic property of P (Buxton and 
Atkinson, 1948). Six subjects were primed for two weeks by 
taking 3 to 5 mg of estrone sulfate or diethylstilbestrol 
orally. During this time a slight decrease in BT was 
observed. At the end of two weeks 10-25 mg of P was 
administered daily for 7-14 days and E therapy was either 
reduced by one-half or eliminated entirely. In either case 
BT increased 0.4 to 0.7 °C.
A study of the effects of P and E on BT in OVX women 
also indicated that E may attenuate the temperature raising 
effects of P (Isreal and Schneller, 1950). Women who orally 
received 0.15 mg of ethynyl estradiol and 60 mg of 
pregnenolone daily showed an increase in basal body 
temperature (BBT), but it was less than that seen in women 
taking pregnenolone only. However when the dose of 
pregnenolone was increased to 90 to 120 mg daily, in women
receiving E, BBT increased from 36.9 to 37.5 °C.
During the same series of investigations the effect of 
E on BBT administered during the postovulatory phase of the 
menstrual cycle was studied. Five regularly menstruating 
women were given a single intramuscular injection of 0.5 mg
of alpha-estradiol benzoate at midnight during the early
part of the postovulatory phase. Following the injections of 
alpha-estradiol benzoate, BBT decreased in one of five 
patients. When the dose was doubled, three of the five women 
demonstrated a lower BBT. And finally, when 1.5 mg of the
13
hormone was administered, all five patients showed a 
decrease in BBT.
In a study of postmenopausal women in which menstrual 
cycles where artifically induced using various amounts of B 
(estradiol benzoate) and P it was at first observed that 
hormonal therapy had no effect on BBT (Magallon and Masters,
1950). However it was then decided that the 1 mg injection 
of E which normally preceded a series of 20 mg P injections 
would be omitted. When this was done the injections of P 
appeared to cause an increase in BBT of approximately 0.3 to 
0.5 °C over a six day period.
In contrast to the various studies suggesting that 
estrogen is inhibitory to the temperature raising effect of 
P there was a study done on men in which it was observed 
that E had no effect on that of P (Rothchild and Barnes, 
1952). Two groups of three men each received daily 
intramuscular injections of 5.0 or 10.0 mg of P for 21 days. 
This therapy effectively raised BBT by 0.3 to 0.6 C. When
1.0 mg of estradiol was injected on day 10 and 13 of P 
therapy no change in BBT was observed. Injections of 1.0 mg 
of estradiol dipropionate on days 16 through 21 also had no 
effect on the progesterone induced increase in BBT.
V. Effects of Ovarian Cycle on Basal Metabolic Rate.
A longstanding hypothesis concerning the postovulatory 
increase in basal body temperature (BBT) is that it results 
from an increase in basal metabolic rate (BMR). Several 
investigators have reported cyclic changes in BMR while
14
others have found no relationship between BBT and BMR. In 
one of the earlier studies on BMR, the investigators 
concluded that the menstrual cycle "does affect the 
metabolic rate of women at times in health and disease" 
(Snell et al., 1920). However very few details of the study 
were published and there is no indication that the data 
obtained were subjected to statistical analysis.
Subsequently it was reported in a study of 24 young women 
that BMR increased during the 7 to 10 days prior to 
menstruation and upon menstuation BMR fell sharply to the 
"normal” level (Wakeham, 1923). When BMR was measured via 
closed-circuit spirometry and then compared to Sanborn's 
"Basal Metabolism" standards (Sanborn, 1922, as cited by
Wakeham, 1923) was reported to increase by an average of 10%
above the normal level prior to menstruation. An examination 
of the data published in the study showed average variations 
of plus or minus 12.4% in the daily measurements of BMR 
performed during the menstrual cycle and it doesn't appear 
that any statistical analysis was performed.
Evidence of cyclic variations in BMR was also reported 
in a study attempting to correlate changes in BBT with 
ovarian activity (Rubenstein, 1938). The BMR was found to be 
highest during the period when BBT was elevated and
decreased when BBT declined during the menstrual phase. In
summarizing the experiment, the author suggested that "body 
temperature and BMR seem to be equivalent measures of
ovarian activity."
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In more recent years further evidence relating changes 
in metabolic rate to the menstrual cycle has been 
accumulated. It was found in a study employing continuous 
direct and indirect calorimetry for 36 to 46 hours that 
normally menstruating women have a 15% increase in metabolic 
rate during the postovulatory phase of the menstrual cycle 
(Webb, 1981a). Non-ovulating women with no cyclic type of 
fluctuations in body temperature (BT) had no changes in 
metabolic rate. Other investigators have reported a 5 to 7% 
increase in postovulatory phase BMR (Horvath and Drinkwater, 
1982; Hessemer and Bruck, 1985a). In another study, 
metabolic heat production measured over a 24-hour period 
was found to increase 8 to 16% during the 14 day luteal 
phase (Webb, 1986b). Metabolic heat production was measured 
via direct and indirect calormetry for periods of 36 and 46 
hours during which time the "subjects followed a 
standardized sedentary schedule." Bight of the 10 showed 
highly significant increases in metabolic heat production. 
The eleventh women who was postmenopausal served as a 
control. One subject who showed a 14% increase in metabolism 
following ovulation showed no change during a month in which 
she took an oral contraceptive. These results led the author 
to conclude "that there is a 9% elevation in 24-hour energy 
expenditure in the postovulatory (luteal) phase of the 
menstrual cycle presumably caused by the increased secretion 
of progesterone."
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Lending support to the hypothesis that BMR is 
influenced by the menstrual cycle is the observation that 
BMR is reduced in ovariectomized OVX women (several 
citations from Collett* 1937). In one study* OVX women had a 
BMR 12 to 20% lower than the Harris-Benedict standard 
(Collett* 1937). However it has been reported that OVX women 
had a BMR close to the "normal" level (King* 1926* from 
Collett). The question of whether or not ovariectomy affects 
BMR in women has gone largely unnoticed in recent years.
While there seems to be evidence supporting the
hypothesis of an increase in BMR during the luteal phase of
the menstrual cycle* several investigations did not confirm
this finding. The authors of an early study of BMR in
normally menstruating women reported that there was no 
regular periodic variation in BMR during the menstrual cycle 
(Blunt and Dye* 1921). A series of 216 measurements of BMR 
obtained by closed-circuit spirometry from 17 women showed 
that* on the average* women's metabolism was 4.1% or 6.5% 
below normal when compared to Benedict's and Dubois' 
standard levels respectively. The authors concluded "there 
was no definite change in basal metabolism during 
menstruation" and "that no rhythmical periodic variation in 
metabolism can be noted."
At about the same time* in a very similar study* no 
significant differences in BMR were noted during the 
menstrual cycle (Wiltshire* 1921). in another attempt to 
relate cyclic changes in BT to BMR* 16 women were monitored
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for periods of 30 to 124 consecutive days. Elevations in BT 
were consistent with ovulatory patterns, however no 
significant correlation was found between BT and BMR. The 
author concluded that "basal metabolism or heat production 
varied independently of body temperature" (Rubenstein,
1937). More recently several studies did not demonstrate any 
cyclic changes in BMR (Bittel and Henane, 1974; Gamberale, 
1975; Bonjour, 1976; Stephenson et al., 1982; Hirata et al., 
1986).
In animal studies, several workers have conducted 
experiments on energy balance during the estrous cycle. 
Cyclic variations in BT, food intake, activity and body 
weight have been observed during the estrous cycle in rats 
(Brobeck, et al, 1947). During diestrus BT, food intake and 
body weight increased while activity (spontaneous wheel 
running) decreased. Rats in estrus had a lower BT, food 
intake and body weight, yet activity increased. In summary, 
the authors concluded that "these periodic changes in rates 
of energy intake and expenditure appear to be derived from 
either hypophysial or ovarian cycles." Additionally it has 
been shown that intact female rats receiving daily 5 mg 
injections of progesterone (P) gained weight at a 
significantly greater rate than the control animals (Hervey
and Hervey, 1967). After a month of treatment, body weight
stabilized at 40 to 50 g above the controls. On the other
hand estrogen (E) seems to have the reverse effect. When OVX
rats were treated with E (17 beta-estradiol) (2ug/day), a
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decrease in food intake and body weight was observed.
However when P (1-5 mg) is combined with G( the effect of E 
appears to be reduced or completely blocked (Hade, 1975). 
Subsequent studies on the effects of ovarian hormones on 
body weight appear to be in agreement (Gray and Hade, 1981; 
Gray and Greenwood, 1982).
Some research has been done on the effect of P and E on 
BMR in rats. In a study on cold tolerance of E and P treated 
rats, the rate of oxygen consumption didn't appear to be 
significantly different between treatment groups (Fregley, 
1979). Intact female rats treated with ethynyl estradiol (36 
ug/kg/day) alone, and in combination with norethynodrel (253 
ug/kg/day) showed no significant differences in oxygen 
consumption at room temperature (25 °C) or when exposed to 
cold (14 °C).
It has been suggested that E may increase metabolism in 
OVX rats. In a study using sheared OVX rats treated with E, 
P, or both hormones, oxygen consumption increased only 6 to 
7% in the E treated animals (Carlisle, et al, 1979). 
Significant differences in body weight were observed during 
the seven week study. The body weight of E treated rats 
increased from 285 g to 286 g, while the mass of the other 
groups increased by an average of 23 g.
In a subsequent study E treatment increased oxygen 
consumption in OVX rats (Laudenslager et al., 1980). Rats 
treated with 17 beta-estradiol, or beta-estradiol-3-benzoate 
via subcutaneous implantation of silastic capsules had
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elevated rates of heat production and dry heat loss as 
compared to untreated OVX rats. Estrogen therapy reduced 
body weight and fur growth while Tre was not affected.
It has been observed that brown adipose tissue (BAT) 
plays an important role in thermoregulation in rodents 
(Bruck and Wunnenberg, as cited by Hart, 1971). In light of 
this finding, studies investigating the influence of ovarian 
hormones on BAT thermogenesis have been conducted.
Some evidence suggesting that E may increase BAT 
activity was obtained in a study of OVX rats injected with 5 
ug E (estradiol benzoate), or 5 mg P, or with both hormones 
(Kemnitz et al., 1982). After four days of hormonal therapy 
the animals were sacrified and the oxygen consumption of BAT 
was measured using a Gilson differential respirometer. Brown 
adipose tissue in rats treated with E alone or in 
combination with P tended to have higher rates of oxygen
consumption than other groups, however the results were not 
statistically significant. Significant differences in body 
weight were noted as E alone or in combination with P 
reduced body weight from pretreatment levels. Ovariectomized 
untreated rats were significantly heavier than sham-operated 
rats.
Similar results were obtained in a 36 day study of OVX 
rats treated with beta-estradiol and P (Richard, 1986). 
Ovariectomized rats increased food intake by 17 percent and 
had a twofold increase in body weight in comparison to 
sham-operated rats. Ovariectomized rats treated with P
20
responded similarly. Whereas OVX rats treated with 
beta-estradiol alone or in combination with P had 
significantly lower body weights as compared to the sham 
operated animals. Brown adipose tissue thermogenesis was 
found to be about the same among the different treatment 
groups. The results obtained seem to indicate that 
ovariectomy with or without P therapy leads to an increase 
in body weight mainly by removing the effect of E on food 
intake (Richard, 1986).
Evidence to support cyclic variations in food intake in 
rats has also been seen in humans. In a two month double 
blind study of dietary intake of eight women, cyclic 
variations in food intake were observed (Dalvit, 1981). It 
was found that women consumed approximately 500 more 
kilocalories a day during the 10 days following ovulation 
than during the 10 days preceding ovulation. These results 
seem to be in agreement with studies of rats which suggest 
that E suppresses feeding. Body weight was not followed 
during the study, however the subjects when asked if changes 
in body weight had occured reported they had maintained 
their weight. One exception occurred in that a single 
subject lost weight as a result of dieting.
In summary, the available evidence seems to indicate 
that ovarian hormones may affect metabolism. Several 
investigators reported that BMR is elevated during the 
postovulatory phase of the menstrual cycle and suggest that 
the high level of P found at this time is somehow involved
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in the process. However* in about an equal number of studies 
no cyclic changes in BMR were noted. Similarly* it is 
uncertain whether or not the ovarian cycle has an effect on 
metabolism in rats. However it has been widely shown that E 
depresses feeding activity and body weight in rats and that 
P apparently may block the effect of B.
VI. Effects of the Ovarian Cycle Hormones on Evaporative
Heat Loss and Peripheral Blood Flow.
Although several investigators have suggested that the 
postovulatory increase in body temperature (BT) may result 
from increased basal metabolic rate (BMR)* others have 
suggested that it may be caused by reducing heat loss 
(Rothchild* 1969). Heat loss can be reduced by a decrease in
sweat rate* a delayed onset of sweating* and/or by reduced 
blood flow to the periphery. There is little conclusive
evidence that sweat rate is significantly altered by the 
ovarian cycle as several investigators have reported no 
postovulatory change in sweat rate (Haslag and Hertzman* 
1965; Sargent and Weinman, 1966; Senay* 1973; Wells and 
Horwath, 1973; Bittle and Henane* 1975; Avellini et al.* 
1980; Frey, 1982; Horvath and Drinkwater* 1982). To the 
contrary* a significant decrease in the number of active 
palmar sweat glands during the luteal phase of the menstrual 
cycle and in pregnancy was reported (Mackinnon, 1954). 
Additionally it was shown that a single 2 mg intramuscular 
injection of progesterone (P) reduced palmar sweating 
activity for periods of up to 6 hours in men and women
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(Mackinnon and Harrison, 1961). Estrogen (E) has also been 
suggested to influence sweat rate. In a study of four young 
men injected with 20 mg of estradiol valerionate in oil it 
was reported that sweat rate was reduced and the onset of 
sweating delayed (Kawahata, 1960). An increase in the onset 
of sweating during the menstrual phase of the ovarian cycle 
was also reported (Kawahata, 1960). The author attributed 
this observation to a reduction of the inhibitory effect E 
had on sweating.
A delayed threshold for sweating during the luteal 
phase of the menstrual cycle has been reported (Bittle and 
Henane, 1975; Bonjour, 1976; Becker, 1979; Hessemer and 
Bruck, 1985a). In one study women were exposed to heat (45 
C) and the onset of sweating was delayed by 24 minutes in 
the postovulatory phase as compared to 17 minutes in the 
preovulatory phase (Bittle and Henane, 1975). In addition,
mean skin temperature was lowered from the preovulatory 
level of 34.3 to 33.6 °C following ovulation. These results 
were reported to be significant. More recently it was 
reported that there are significant changes in sweating 
activity and skin blood flow (SBF) during the menstrual 
cycle (Hessemer and Bruck, 1985a). During the luteal phase 
of the cycle mean skin temperature increased from 34.2 to 
34.8 °C and arm blood flow increased by 5%. In addition, the 
thresholds for shivering, chest sweating and cutaneous 
vasodialation at the thumb and forearm increased by an 
average of 0.47 °C in the luteal phase. In contrast to these
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observations is an earlier study in which SBF was reported 
to increase during the luteal phase and the cool threshold 
decreased (Kenshalo, 1966).
Despite reports of changes in the onset of sweating and 
alterations of SBF during the menstrual cycle several 
investigators have reported that the onset of sweating is 
independent of the menstrual cycle (Haslag and Hertzman, 
Matsui, 1960; Sargent and Weinman, 1966; Avelli et al.,
1980; Frey, 1982). SBF has also been reported to be 
unaffected by the menstrual cycle (Horvath and Drinkwater, 
1982).
Research has also shown that E and P may have other 
vascular effects. It has been observed that peripheral 
venous distensibility increases following the preovulatory 
increase in E levels and reaches its peak when P is highest 
(McCausland et al., 1963). However it was observed that the
administration of conjugated E in ovariectomized (OVX) women
had little effect on peripheral venous distensibility, 
whereas P was shown to increase venous distensibility by 33 
to 100%. In summary it was concluded that the 20 to 30% 
increase in venous distensibility observed during the luteal 
phase of the menstrual cycle is related to the coincidental 
increase in P. The use of oral contraceptives is reported to 
have similar effects on peripheral venous distensibility 
(Goodrich and Wood, 1964). Subsequently it was shown that E 
alone may also increase venous distensibility (Goodrich, et 
al 1966). Following intravenous administration of 0.1 to 0.4
24
mg of 17 beta-estradiol (in a two to five percent alcohol 
solution) a significant increase in distensibility of veins 
in the calf of the leg was observed. As a result linear 
blood flow decreased and net venous blood flow was 
unchanged.
In these studies of peripheral venous distensibility no 
inferences regarding heat loss were made. However since it 
appears from these studies that net blood flow is unchanged 
it would seem that heat loss would be unaffected.
While there appear to be conflicting data in the 
literature regarding the relationship between the menstrual 
cycle and peripheral heat loss by the human female, it seems 
that comparatively little animal research has been done in 
an attempt to resolve this question.
In the rat, peripheral heat loss is modified on a 
short-term basis primarily by behavioral means and through
changes in peripheral blood flow and evaporative heat loss 
(Hart, 1971). Modulation of tail blood flow seems to be an 
effective mechanism (Rand, 1965). It has been shown that 
through tail vasodialation the rat may lose up to 20% of the 
total heat produced although the tail comprises only four to 
six percent of animal's body surface area (Rand, 1965). In a 
study of tailed and tailless rats treated with isoproterenol 
(to increase metabolism) the rat tail seemed effective in 
maintaining colonic temperature near pretreatment levels in 
tailed rats (Spiers et al., 1980). On the other hand, 
tailless rats showed a significant increase in colonic
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temperature (0.3 °C) and duration of hyperthermia following 
drug therapy. When untreated tailed and tailless rats were 
exposed to heat (36 °C) colonic temperature increased in 
both groups, however tailless rats heated more rapidly and 
to a greater degree. The authors concluded that "the present 
results indicate that the rat relies on its tail for 
short-term dissapation of heat when exposed to endogenous or 
exogenous thermal stresses.”
In rats, evaporative heat loss is restricted to 
cutaneous diffusion, respiratory water loss, and saliva 
spreading (Hart, 1971). Functional sweat glands are not
present in rodents (Yousef, 1981). Saliva spreading seems to 
be particularly important in promoting heat loss when rats 
are exposed to high ambient temperatures. Research has shown 
that desalivated rats cannot regulate their body temperature 
at ambient temperatures above 36 °C (Hainsworth, 1966).
Additionally it was shown that normal female rats are less 
tolerant to heat and less actively spread saliva.
Sex related differences in thermoregulation in the rat 
had previously been reported when it was observed that 
during exercise the male rat tail vasodialates at a lower 
body temperature than in the female (Thompson, et al, 1965). 
Other investigators have also noted sex related differences 
in thermoregulatory responses to heat and cold in rats and 
have suggested that the gonadal hormones may be involved 
(Doi et al., 1982).
26
In a study of female rats treated with E (36 ug/kg/day 
of ethynyl estradiol), or P (253 ug/kg/day norethynodrel) or 
with both hormones, the groups receiving estrogen showed a 
significant decrease in BT as compared to the controls at 
an ambient temperature of 5 C (Fregly et al., 1979). This 
occured even though maximum rates of oxygen consumptions 
between all the treatment groups was not significantly 
different. The reduced cold tolerance of E treated rats 
would therefore appear to be the result of a diminished 
ability to reduce heat loss. Rats treated with P alone 
responded similarly to the control animals. These results 
appear to agree with an earlier study of OVX rats treated 
with E (estradiol benzoate) (Wilkinson, 1977). In the study, 
rats were provided with access to a heat lamp which could be
activated by pressing a bar. Rats treated with E activated 
the heat lamp at a significantly greater rate than did the
control animals when exposed to cold. However, at the end of
the behavioral tests E treated rats had a lower BT than the
control animals and the author concluded that the
administration of E either reduced heat production and/or
accelerated heat loss.
To summarize, there is some evidence suggesting that 
there are changes in evaporative heat loss during the 
ovarian cycle. Generally, these changes would seem to 
promote heat storage during the luteal phase of the ovarian 
cycle when BT is elevated. Additionally, experimental 
evidence in rats suggests that E may promote heat loss. This
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evidence supports the observation that BT is generally lower 
during the preovulatory phase of the ovarian cycle when E 
levels reach their peak.
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MATERIALS AND METHODS
I. Animal Care
Eighty-five female Harlan Sprague-Dawley rats, aged 8 
to 10 weeks were housed in individual wire-floor metal cages 
in the UNLV animal facility. Lights were on 0600 to 1800 
hours. Rat chow and water were available ad libitum. Ambient 
temperature was 23 to 25 °C. During the periods on which 
animals were exposed to acute heat or cold stress the 
climatic rooms were maintained at 36.0 °C and 1.0 °C 
respectively.
II. Experimental Design
Four trials were conducted during this study. The first 
trial served largely as a pilot study of the effects of 
estrogen (E) in the form of estradiol benzoate and 
progesterone (P) on thermoregulation in the rat. A second 
study investigated the effect of B and P on tolerance to 
acute cold exposure (1 °C). Thirdly, the effects of E and P 
on tolerance to acute heat exposure (36 °C) was 
investigated. The final study was conducted in order to 
confirm results obtained on the effect of E and P on BT in 
the previous trials.
III.Preparation of Hormone Solutions
The animals in this study received daily injections of 
3.0 to 5.0 mg of P, or 2.0 ug of E (estradiol benzoate), or
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both hormones in combination (E+P). The control group 
received daily subcutaneous injections of the hormonal 
carrier. In some of the studies reviewed sesame oil was 
cited as the hormone carrier (Marrone et al.f 1976; Gray and 
Wade* 1981; Gray and Greenwood, 1982). It was found in this 
study that E is completely soluble in sesame oil. Powdered 
E, in amounts of 0.2 mg, were weighed and placed in an empty 
200 ml volumetric flask. One hundred ml of sesame oil was 
gradually added while swirling the flask. After thorough 
mixing, no evidence of undissolved solute could be noted. 
This E-oil ratio yielded a concentration of 2.0 ug of 
estrogen per 0.1 ml of oil.
Progesterone was found to be less soluble in sesame 
oil. One hundred ml of sesame oil were added to 3.0 g of P 
in a 200 ml volumetric flask and mixed for several minutes. 
The solution appeared cloudy and when left to sit for
several minutes most of the solute appeared to settle out. 
The ratio of P to oil yielded a P concentration of 5.0 mg 
per 0.1 ml of oil when throughly mixed. Sesame oil was also 
the solvent when both hormones were used in combination. 
Progesterone in combination with E was again found to be 
only partially soluble. However, despite the limited 
solublity of P in sesame oil this solvent was employed in 
the first of the four trials conducted during this study.
Following this first trial it was noted that 50% 
propylene glycol had previously been used as a solvent for P 
(5 mg/ 0.1 ml) (Nakayama, et al., 1975). In the successive
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trials P (3 mg/0.1 ml) in 100% propylene glycol was used. 
Proplylene glycol was also the solvent used for E in the 
remaining trials.
IV. Physiological Measurements
A. Rectal Temperature.
The rectal temperature (Tre) of all animals was 
measured using a thermocouple probe connected to a Bat 21 
digital recorder (Bailey Instrument Company). The 
temperature probe was inserted 10 mm into the rectum and 
held in place until a stable reading was obtained. Tre was 
measured daily between 8:00 and 10:00 AM beginning the day 
before hormonal therapy began. Daily measurements were 
continued for the duration of each trial. When the animals
were exposed to heat or cold, Tre was measured approximately 
every 20 minutes for the duration of exposure (4 hours).
B. Skin Temperature
Skin temperature measurements were made using a 
flattened thermocouple probe connected to a Bat 21 digital 
recorder. Tail skin temperature (T tail) was measured on the 
ventral surface of the tail approximately 2.5 cm from the 
anus. The probe was held in place until a stable reading was 
obtained. Measurements were taken whenever Tre was measured. 
Ear and back temperatures were also taken prior to 
measurement of the animals rate of oxygen consumption (V02).
C. Rate of Oxygen Consumption
Rate of oxygen consumption was measured via closed 
circuit calorimetry. Each animal was placed on a wire grid
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in a circular plexiglass chamber sealed with water. Barium 
hydroxide lime and drierite were placed beneath the wire 
grid to absorb C02 and water vapor respectively.
The metabolic chamber was connected to a pressure 
sensitive volume meter (model 160, Med. Science Co.) via 
rubber tubing as diagramed in figure 1. Prior to each 
experiment the volume meter was filled with 100% oxygen 
(02). A period of 30 minutes was alloted to allow the animal 
time to adjust to the confines of the metabolic chamber 
before measurements were obtained. Oxygen consumption was 
then charted on standard electrocardiograph paper for 
approximately 30 minutes. Two thirds ml of 02 was consumed 
for each 1 mm movement of the recording pen. The volume of 
02 consumed was corrected to STPD and expressed as ml 02/g.
hr. A triple beam balance (Ohaus Seal Corp.) was used to 
measure the animal's weight. V02 was initially measured on
all animals prior to, and after, five to eight days of 
hormonal therapy. ^02 was also measured during the period of 
acute heat and cold exposures.
D. Skin Blood Flow
Skin blood flow was measured using a laser doppler 
capillary perfusion monitor (model LD6000, Medpacific Co.). 
This method of measurement of skin blood flow has been 
reported to correlate well with results obtained by 
plethysmography (Johnson, 1984). Prior to the measurement of 
skin blood flow, the animal was wrapped in a cloth towel to
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Figure 1. Diagram of equipment used to measure the rate of 
oxygen consumption.
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restrain it. The laser probe was then placed on the ventral 
surface of the tail approximately 2.5 cm from the anus. Skin 
blood flow was recorded for two minutes and the data was 
printed using a dot matrix printer (Hewitt Packard Think 
Jet).
Skin blood flow was measured on all animals prior to, 
and after, 4.5 to 5.0 hours of acute heat and cold 
exposures. The second measurement was obtained while in the 
environmental chamber.
V. Statistical Comparison of Data
The effect of hormonal therapy on thermoregulatory 
responses was determined by analysis of variance (ANOVA). 
Differences amoung groups were determined by the Student
Newman-Kewls (SNK) least significant difference test. And 
where appropriate, a paired t-test for differences between
two means was employed. The statistical tests were performed
using the SPSS-X 3.0 and SAS statistics programs with an IBM
personal computer and a Sun 3/280 mainframe computer.
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RESULTS
I. Thermoregulatory Effects of the Hormones Estrogen and 
Progesterone at Room Temperature (25 °C).
Female rats treated with E + P, and with E alone showed 
a significant elevation (p = 0.0001) in Tre over 7-days
(Figure 2). Mean Tre during the experimental period was 
significantly higher in the E + P treated rats compared to 
all other treatment groups (Figure 3). In rats treated with 
E alone, Tre was higher than in untreated control animals 
and those treated with P. Rats treated with P alone showed a 
significant (p = 0.011) increase in Tre 24 hours after the 
initiation of the hormone injections (Figure 2). However the 
increase in Tre was only transitory as the mean Tre over 7 
days was not significantly different from the control 
animals (Figure 3).
Hormone treatment also appeared to affect tail skin 
temperature since all treatment groups had a significantly 
lower (p = 0.0001) tail skin temperature as compared to the 
control animals (Figure 4). There was no significant 
difference among treatment groups was (Figure 5). Tail skin 
blood flow did not appear to be significantly different 
between treatment groups (Figure 6).
For some unknown reason the control animals tended to 
have a higher rate of oxygen consumption (0o2) than did the 
other animal groups prior to initiation of the hormone 
treatment (Figure 7). Following 5 to 7 days of hormone
injections, tfo2 of the control animals was found to be
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Figure 2.
Figure 3.
Rectal temperature (Tre) in untreated control 
(Ctrl) rats and in rats treated with progesterone 
(P), or estrogen (E), or with both hormones in 
combination (EP).
Effect of hormone treatment on rectal temperature 
(Tre). Data are presented as the mean + 1 
standard error.
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Figure 5 Effect of hormone treatment on tail skin 
temperature. Data are presented as the mean + 1 
standard error.
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Figure 6 Effect of hormone treatment on tail skin blood 
flow. Data are presented as the mean + 1 
standard error.
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Figure 7 Effect of hormone treatment on the rate of oxygen 
consumption (^02). Data are presented as the mean 
+ 1 standard error.
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significantly greater than animals treated with P. However 
no significant differences among treatment groups were 
found.
II. Effects of Estrogen and Progesterone on Tolerance to 
Thermal Stress.
A. During Acute Heat Exposure
Animals in all treatment groups were able to 
thermoregulate during exposure to heat (36 °C) for 4 hours. 
Rectal temperature increased approximately 2 °C during the 
first hour of exposure and then remained relatively constant 
(Figure 8). Animals treated with P had a significantly 
higher (p = 0.0062) Tre as compared to the control animals 
and those treated with P and E (Figure 9).
Tail skin temperature increased approximately 10 °C 
during the first half-hour of heat exposure and then 
remained constant for the duration of the experiment (Figure
10). No significant differences among treatment groups were 
found.
Oxygen consumption during heat exposure was similar to 
pre-heat exposure level (Figure 11). No significant 
differences among treatment groups were found (Figure 12).
Animals in all treatment groups significantly increased 
(p = 0.001) tail skin blood flow during acute heat exposure 
(Figure 13,14). Although no significant differences in tail 
skin blood flow were found (p = 0.0502), it tended to be 
highest in animals treated with P alone and in the EP group 
(Figure 15).
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Figure 8. Rectal temperature (Tre) during 4 hours of heat 
exposure.
I » I » 1 ‘ 1 ■ I * I ■ « I .».
o
10
CO
o
CO
lO
cvi 
o 
csi
10
o
ID
O
o 
o
CD CO CO CO 00 CO oo CO 009
o o d d 00 00 CO
CO 00 CO CO CO 00 CO
Ho
ur
s
42
Figure 9 Effect of hormone treatment on rectal temperature 
(Tre) during heat exposure. Data are presented as 
the mean + 1 standard error.
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Figure 10. Tail skin temperature during 4 hours of heat 
exposure.
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Figure 11. Effect of ambient temperature on the rate of
oxygen consumption (tf02). Data are presented as
the mean + 1 standard error.
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Figure 12. Effect of hormonal treatment on the rate of
oxygen consumption (1/02) during heat exposure.
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Figure 13. Effect of ambient temperature on tail skin blood 
flow.
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Figure 14. Effect of hormonal treatment on skin blood flow 
during heat exposure. Data are presented as the 
% increase in tail skin blood flow.
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Figure 15. Effect of hormonal treatment on tail skin blood 
flow. Data are presented as the mean + 1 
standard error.
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B. During Acute Cold Exposure
Animals in all treatment groups were able to 
thermoregulate when exposed to cold (1.0 °C) for 4 hours. 
Rectal temperature increased sharply during the first 
half-hour of exposure and then gradually fell to near 
pre-exposure levels (Figure 16). No significant differences 
in Tre among treatment groups were observed (Figure 17).
Tail skin temperature decreased by nearly 20 °c during 
the first half-hour of cold exposure and then remained 
relatively constant (Figure 18). No significant differences 
in tail skin temperature among treatment groups was found.
Oxygen consumption appeared to increase significantly 
during cold exposure (p = 0.0001), however there was 
significant interaction in the model (p = 0.002).
Nonetheless, it is well recognized that oxygen consumption 
increases in rats during cold exposure (Hart, 1971). Animals
in the control group appeared to have a signicantly higher 
rate of oxygen consumption than did the E treated rats 
(Figure 19). No significant differences among treatment 
groups were found.
Measurements of Tre following the determination of 
oxygen consumption at the end of the exposure period showed 
that the control animals generally maintained the highest 
Tre while the E treated rats had the lowest Tre (Figure 20). 
However these differences were not significant.
Tail skin blood flow decreased significantly (p = 
0.0001) during cold exposure (Figure 21). However no
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Figure 16. Rectal temperature (Tre) during 4 hours of cold 
exposure.
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Figure 17. Effect of hormone treatment on rectal
temperature during cold exposure. Data are 
presented as the mean + 1 standard error.
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Figure 18. Tail skin temperature during 4 hours of cold 
exposure.
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Figure 19. Effect of hormone treatment on the rate of 
oxygen consumption during cold exposure.
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Figure 20. Rectal temperature (Tre) following the
measurement of the rate of oxygen consumption
during cold exposure.
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Figure 21. Effect of hormonal treatment on tail skin blood 
flow during cold exposure. Data are presented as 
the % decrease in tail skin blood flow.
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differences in tail skin blood flow were found among 
treatment groups (Figure 22).
III.Effects of Estrogen and Progesterone on Body Weight.
Daily hormone injections appeared to have a significant 
effect (p = 0.0001) on body weight during 3 weeks of study 
(Figure 23). Rats treated with progesterone showed the 
largest increase in body weight. Animals treated with 
estrogen (E) and P appeared to be significantly heavier than 
the control animals and those treated with E. Although no 
significant differences were found between the control and E 
groups, the E treated rats increased body weight by only 
8.1% as compared to the control group which increased body 
weight by 15.1 %. The duration of the experiment also was a
factor since a significant increase (p = 0.0001) in body 
weight was seen during each week of the trial (Figure 24).
Significant interaction was also seen (p = 0.0132).
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Figure 22. Effect of hormone treatment of tail skin blood 
flow during cold exposure. Data are presented 
as the mean + 1 standard error.
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Figure 23. Effect of hormone treatment on body weight. Data 
are presented as the mean +_ 1 standard error.
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DISCUSSION
It has long been thought that the rise and fall in body 
temperature (BT) observed during the ovarian cycle is due to 
the effects of progesterone (P) and estrogen (E) 
respectively (Nieburgs and Greenblatt# 1948; Palmer# 1949). 
The mechanisms whereby these hormones affect 
thermoregulation during the ovarian cycle are unclear 
(Foreman# 1987). It is also uncertain how these hormones may 
affect thermoregulatory responses during acute heat and cold 
exposure.
I. Thermoregulatory Effects of Estrogen and Progesterone.
Female rats treated with P showed a significant (p = 
0.0001) increase of 0.4 °C in rectal temperature (Tre) 24 
hours after hormone injection as compared to the control 
animals. However the effect of P on Tre was transitory as 
Tre decreased the following day to near the pre-treatment 
level. A similar response to subcutaneous injections of 2 mg 
of P was reported in a previous study in which Tre increased
0.4 C (Freeman et al.# 1970). Unlike results obtained in 
the present study# Tre remained elevated for the duration of 
the 14 day study.
Estrogen caused a significant increase (p = 0.0001) in
Tre. However, in contrast to the effect of P# the effect of 
E was sustained for several days. Although similar results 
were obtained in a study of ovariectomized (OVX) rats
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(Marrone, 1976) most investigators have reported that E 
either decreased BT (Nieburgs et al., 1946; Isreal and 
Schreller, 1950; Wilkinson, 1977) or has no effect on BT 
(Fugo and Davis, 1948; Laudenslager et al., 1980 ). it is 
possible that the different reports on the effects of E on 
BT may be related to the type of E administered, the dosage 
used, and/or the route of hormone administration.
Additionally, both high BT (Marrone et al., 1976;
Yochim and Spencer, 1976) and low BT (Brobeck et al., 1947; 
Nieburgs, et al, 1948; Yochim and Spencer, 1976) have been 
reported at proestrus-estrous, the period of time following 
the morning of proestrus when estrogen secretions peaks 
(Butcher et al., 1974).
Rats treated with both P and E showed the greatest 
increase in Tre. Some previous studies have suggested that E 
attenuates the temperature raising effect of P (Barton and 
Wiesner, 1945b; Buxton and Atkinson, 1948; Isreal and 
Schneller, 1950), whereas other research suggests that the 
effect of P may not be affected by E (Rothchilds and Barnes, 
1952).
Freeman et al, (1970), suggested "that estrogen or 
other ovarian substances potentiate the thermogenic response 
to progesterone". Other researchers have also suggested that 
a synergism between E and P may be involved in the rise in 
BT observed during the luteal phase of the menstrual cycle 
(Forman, et al, 1987). The present results obtained on the 
effect of E and P on Tre seem to support this hypothesis.
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Hormonal treatment appeared to cause a significant 
decrease in tail skin temperature of all treatment groups as 
compared to the control animals. Yet when comparisons were 
made among rats treated with E, P, or E + P no significant 
differences among treatment groups was found. The treatment 
groups which had the highest Tre tended to have the lowest 
tail skin temperature suggesting heat conservation. However, 
data on tail skin blood do not confirm the possible 
vasoconstriction that is suggested by the low tail skin 
temperature.
The animal's rate of oxygen consumption did not appear 
to be affected by any hormone treatment. Therefore it would 
seem that the sustained increase in Tre of rats treated with 
E, and with E + P did not result from an increase in 
metabolic rate. It is suggested that the observed rise in 
Tre in hormone treated rats resulted from a decrease in heat 
loss rather than an increase in heat production.
Some previous studies support this hypothesis in that E 
and P have been reported to have no significant effect on 
the metabolic rate of intact female rats (Fregley et al., 
1979) or OVX rats (Carlisle et al., 1979). However, in a 
study on energy balance in OVX rats E reportedly increased 
the rate of oxygen consumption and dry heat loss while Tre 
was unchanged (Laudenslager et al., 1980). The authors 
concluded that it could not be determined if the primary 
effect of E was to increase the metabolic rate, or if the
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metabolic rate may have increased in order to compensate for 
the increase in heat loss.
II. Effects of Estrogen and Progesterone on Tolerence to 
Thermal Stress.
A. During Acute Heat Exposure.
Estrogen and P appear to have little significant 
affects on thermoregulatory responses during acute heat 
exposure. All treatment groups were able to thermoregulate 
during heat exposure, albeit at a higher BT. However in rats 
treated with P, Tre was significantly greater than in other 
treatment groups. The reason for this is unclear since there 
were no significant differences in tail skin temperature,
oxygen consumption, or tail skin blood flow.
It appears that little research has been done on the 
effect of ovarian hormones and the estrous cycle on 
thermoregulatory responses to heat in rats, although it has 
been reported that female rats are less tolerant to heat 
than are male rats (Hainsworth, 1966). Others have suggested 
that sex related differences in thermoregulatory responses 
to heat and cold in rats are related to the gonadal hormones
(Doi et al., 1982).
Similarly, some researchers have suggested that women 
may respond to heat less favorably during the luteal phase 
of the menstrual cycle when P levels are high (Haslag and 
Hertzman, 1965; Bittle and Henane, 1975). However other 
researchers have found no significant differences in 
thermoregulatory responses to heat during the menstrual
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cycle (Wells and Horvath, 1974). More recently it has been 
reported that "when fitness levels are similar, the 
previously sex-related differences in response to acute heat 
exposure seem to disappear, except for the higher sweat rate 
for men" (Avellini et al., 1980). Additionally it was shown 
that "Acclimation served to eliminate all physiological 
differences noted in the initial heat stress test between 
men and women and between menstrual phases" (Avellini et 
al., 1980).
B. During Acute Cold Exposure.
There appeared to be no significant differences in mean 
Tre or tail skin temperature during 4 hours of cold 
exposure. Yet when oxygen consumption was measured after 
approximately 4.5 to 5.0 hours of cold exposure the control 
animals had a significantly higher rate of oxygen 
consumption as compared to the E treated rats. Immediately 
following the measurement of oxygen consumption, Tre was 
measured again, and Tre was highest in control animals and 
lowest in E treated rats. The differences in Tre were not 
significant, however there is a trend indicating that 
animals which maintained a higher Tre also tended to have 
higher rates of oxygen consumption (Figure 25).
It is not clear why differences in oxygen consumption 
and Tre were found at the later stage of cold exposure. It 
is hypothesized that the plexiglass walled metabolic chamber 
(which was surrounded by a water jacket) may have 
constituted a colder environment than the wire floor cages
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Figure 25. The effects of cold exposure on the rate of
oxygen consumption (tf02) and rectal temperature.
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which usually housed the animals. This hypothesis is 
supported by the observation that even markedly hypothermic 
rats were able to spontaneously rewarm within thirty to 
sixty minutes following removal from the metabolic chambers. 
It is possible that heat loss by conduction through the wall 
of the chamber may have occurred at a greater rate than when 
the animals were maintained in the regular cages.
Previous studies also indicate that G may affect 
thermoregulatory responses to acute cold exposure. In a 
study of intact and OVX rats treated with E alone and in 
combination with P it was concluded that "estradiol inhibits 
heat production or facilitates heat loss mechanisms" 
(Wilkinson, 1977). Subsequently it was shown that rats 
treated with B alone or in combination with P cooled more 
rapidly in the cold despite achieving a rate of oxygen 
consumption equal to that of the controls (Fregly et al., 
1979). The authors concluded "that reduced cold tolerance of 
estrogen-treated rats may be related to increased heat 
loss." Other reseachers have also reported that E causes an 
increase in both oxygen consumption and dry heat loss, 
however in the study Tre was not affected (Laudenslager et 
al., 1980).
III. Possible Mechanisms of Ovarian Hormones on 
Thermoregulation.
It has long been recognized that the elevation of basal 
body temperature (BBT) observed during the ovarian cycle is 
related to ovulation (Palmer, 1949). Although the changes in
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BBT observed during the ovarian cycle have been attributed 
to the actions of the hormones estrogen (E) and progesterone 
(P), the mechanisms whereby these hormones affect 
thermoregulation are still a matter of discussion (Forman, 
et al, 1987). However, it has been hypothesized that the 
direct action of P on the central nervous system is one of 
the factors involved in the ovulation related increase in 
BBT (Hessemer and Bruck, 1985a). Although direct peripheral 
effects of P cannot be ruled out, there seems to be little 
evidence to support this (Rothchild, 1969).
Several investigators have suggested that the 
postovulatory increase in BBT is the result of an increase 
in the set point of the central neural structures which 
regulate body temperature (BT) (Haslag and Hertzman, 1965; 
Kenshalo, 1966; Rothchild, 1969; Cunningham and Cabanac, 
1971; Bittle and Henane, 1975; Nakayama et al., 1975;
Bonjour et al., 1976; Marrone et al., 1976). Recent research 
appears to support this concept (Hessemer and Bruck, 1985a).
It is well recognized that the hypothalamus plays an 
integral role in thermoregulation (Hart, 1971) and 
reproduction (Harris, 1955; as cited by Kennedy, 1964). The 
preoptic area (POA) of the brain is also important in the 
regulation of both BT and reproduction (Silva and Boulant, 
1986). Studies in rats have found receptors for E and P in 
these and other regions of the brain (Whalen and Luttge, 
1971; Kato, 1975; Kato 1976; Kato and Onouchi, 1977; Kato et 
al., 1978; Lieberburg et al., 1980). In addition, the number
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of P receptors in the hypothalamus and POA reportedly 
increase following E treatment (MacLusky and McEwen, 1978). 
Furthermore, the hypothalamus has been shown to take in
peripherally injected P at a rate higher than in all other
areas of the brain (Seiki et al., 1968).
Electrophysiological studies of both intact animals and
tissue slices have shown that many neurons in the POA are 
thermosensitive (Boulant, 1980; Kelso et al., 1982; Silva 
and Boulant, 1984). These studies show that 30% of POA 
neurons are warm sensitive, 10% are cold sensitive, and the 
remaining neurons are temperature insenstive. In response to 
preoptic heating warm sensitive neurons increase their 
firing rates and heat loss responses are elicited. However, 
when the POA is cooled the firing rates of cold sensitive 
neurons increase and heat production responses are elicited 
(Silva and Boulant, 1986). Additionally, many 
thermosensitive neurons respond to sensory input from the 
skin and spinal cord (Silva and Boulant, 1986).
Research has also shown that these neurons are 
sensitive to P (Nakayama et al., 1975) and E (Lincoln and 
Cross, 1967; Yagi, 1973; Silva and Boulant, 1986; Boulant 
and Silva, 1987). In a study of rabbits, intravenous 
injections of P were followed by a decrease in the firing 
rate of warm sensitive neurons and a increase in the firing 
rate of cold sensitive neurons (Nakayama et al., 1975). The 
change in the firing rates of these thermosensitive neurons 
apparently led to an increase in Tre of 0.6 C. It was
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concluded that "the rise in basal body temperature in the 
luteal phase seems to be related, at least in part, to the 
direct or indirect action of progesterone on preoptic 
thermosensitive neurones" (Nakayama et al.# 1975).
The effect of E on POA neurons appears to be opposite 
to that of P. In a study of rat preoptic tissue slices 
perfused with a media containing 17 B-estradiol it was found 
that E excited warm sensitive neurons and inhibited cold 
sensitive neurons (Silva and Boulant, 1986). The authors 
concluded that "such neuronal actions would facilitate heat 
loss, reduce heat production, and therefore, decrease body 
temperature".
Other researchers who agree that the effects of E and P 
are probably central in nature have suggested that the 
action of these hormones are mediated by norepinephrine (NE) 
(Zuspan and Rao, 1974). Research has shown that serum NE 
increases following ovulation (Zuspan and Rao, 1974). it was 
suggested that E promotes storage of NE in nerve vesicles 
prior to ovulation and the increase in P following ovulation 
causes the release of stored NE. since NE has been shown to 
promote thermogenesis in men (Joy, 1962; as cited by Zuspan 
and Rao, 1974), and the newborn (Karlberg et al., 1962) it 
has been postulated that NE is responsible for the 
postovulatory increase in BBT (Zuspan and Rao, 1974). 
However, the authors also suggest that the relationship 
between P and NE may only be coincidental. Conversely, in a 
study on the effects E on cold tolerance in rats it was
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suggested that "high peripheral levels of estrogen may 
either reduce concentration of catecholamines in the 
hypothalamus or the responsiveness of thermoregulatory 
neurons" (Fregley, et al, 1979)
To summarize, it appears that several investigators 
agree that the ovulation related increase in BBT is the 
result of the effects of E and/or P on the central neural 
structures which regulate BT. Furthermore, it appears that E 
and P have little if any direct peripheral effect on 
thermoregulation. However, despite numerous studies done by 
researchers in a variety of fields, it is still not clear 
whether the postovulatory increase in BT results from an 
increase in metabolic heat production and/ or a reduction 
in heat loss.
IV. Effects of Estrogen and Progesterone on Body Weight.
Progesterone (P) alone, and in combination with 
estrogen (E) appeared to cause a significant (p = 0.0001) 
increase in body weight. Body carcass anaylsis was not 
performed in this study, however, previous research has 
shown that P increases the percentage of body fat whereas 
the percentages of water and fat-free solids decrease. 
Estrogen treated rats gained weight at a reduced rate as 
compared to the control animals, however this difference was 
not significant.
Time was also a factor since body weight increased 
significantly (p = 0.0001) each week of the 3 week trial.
However it seems reasonable to expect that rats of this age
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(approximately 10 weeks old) should gain a significant 
amount of weight over a 3 week period. Significant 
interaction was also seen (p = 0.0132). Perhaps there would 
be less uncertainty had fully grown rats been used in the 
study.
These results are generally in agreement with previous 
studies where P increased body weight (Hervey and Hervey, 
1966; Gray and Wade, 1981) and E reduced it (Wade, 1975; 
Carlisle et al., 1979). The mechanisms whereby E and P 
affect body weight are not clear.
It has been suggested that the ventromedial 
hypothalamus (VMH) somehow monitors body fat stores and 
adjusts the appetite in order to establish a set body weight 
(Kennedy, 1967). Research into the effects of VMH lesions on 
eating and body weight support this hypothesis (Hoebel and 
Teitelman, 1966; as cited by Wade, 1975). Implantation of E 
into the VMH is reported to decrease food intake and body 
weight (Wade and Zucker, 1970; Jankowiak and Stern, 1974; as 
cited by Wade, 1975), and it has been hypothesized that E 
acts directly on the VMH to lower the body weight set point 
(Wade, 1975).
There appears to be little direct evidence on the 
mechanism whereby P affects body weight. It has been 
suggested that P increases body weight by blocking or 
attenuating the effect of E on food intake (Wade, 1975). In 
turn, P treated rats increase food intake, body weight, and
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body fat content (Hervey and Hervey, 1967; Gray, 1975; Gray 
and Wade, 1981).
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SUMMARY
Physiological responses of female Harlan-:Sprague Dawley 
rats treated with estrogen (E), progesterone (P), and a 
combination of E+P were investigated. Changes in rectal 
temperature (Tre), tail skin temperature, tail skin blood 
flow, and the rate oxygen consumption were studied at 25.0 
C, and during acute heat (36.0 °C), and cold (1.0 °c) 
exposure. Changes in body weight were also studied. The data 
are summarized as follows:
1. At 25 °C, administration of P caused a transitory 
increase in Tre. However, a sustained elevation in Tre was 
seen in animals treated with E alone, and with E+P. The 
greatest elevation in Tre was seen in the E+P group. This 
finding suggests that estrogen may have potentiated the 
effect of P.
2. The observed rise in Tre did not appear to result 
from an increase in metabolic heat production since the 
animal's rate of oxygen consumption was not affected by the 
hormonal treatment.
3. It is suggested that the rise in may have Tre 
resulted from a decrease in heat loss as evidenced by the 
lower tail skin temperatures observed in E, P, and E+P 
groups. The lower tail skin temperature is thought to 
reflect a decrease in total tail blood flow and therefore a 
possible decrease in heat loss through the tail. However,
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measurements of tail skin blood flow did not support the 
observed decrease in tail skin temperature.
4. The hormone treatment did not impair the animals
ability to thermoregulate during acute heat and cold 
exposure.
5. Administration of P alone, and in combination with
E (E+P), caused an increase in body weight as compared to
the control animals. However rats treated with E did not 
show a significant change in body weight as compared to the 
control animals.
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